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$L$ – , . , $a$ ,
$\omega$ , $r^{*}$ $J_{0}(j_{1}r^{*}/R)$ ,
( $r^{*}$ , $J_{n}$ $n$ – Bessel
, $j_{1}=3.83\ldots$ $J_{1}$ ). $x^{*}$
, ( ) ,
$\Phi$
$\Phi=-\frac{M}{\kappa\sin\kappa b}J_{0}(j_{1}r)\cos[\kappa(x-b)]$ sin $\Omega t$ $(\kappa b\neq n\pi)$ (1)
. , $M\equiv a\omega/c_{0}$ Mach , $c_{0}$
, $x\equiv x^{*}/R$ , $b\equiv L/R$
( ), $\Omega\equiv R\omega/c_{0}$ , $\kappa$
$\kappa\equiv\sqrt{\Omega^{2}-j_{1}^{2}}$ (2)
. $\kappa b=n\pi$ , , $M$
, .
, - ,1
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, Euler 9 , $\kappa b=\pi$
.
, $\kappa b=\pi$ $b$
( $b$ $\kappa$ $\Omega$ ), $b$
, $b$ .
2.




$u^{*}$ $x^{*}$ $r^{*}$ , $\rho^{*}$ , $p^{*}$
, :
$t= \frac{c_{0}t^{*}}{R}$ , $x= \frac{x^{*}}{R}$ , $r= \frac{r^{*}}{R}$ ,
$u= \frac{u^{*}}{c_{0}}$ , $v=.‘ \frac{v^{*}}{c_{0}}$ , $\rho=\frac{\rho^{*}}{\rho_{0}}-$ , $p= \frac{p^{*}}{\rho_{0}c_{0}^{2}}$
(3)
, Euler ( ,
, ) :
$\frac{\partial\rho}{\partial t}+\frac{\partial(\rho u)}{\partial x}+\frac{\partial(\rho v)}{\partial r}+\frac{\rho v}{r}=^{\mathrm{o}}$ (4)
$\frac{\partial(\rho u)}{\partial t}+\frac{\partial(p+\rho u^{2})}{\partial x}+\frac{\partial(\rho uv)}{\partial r}+\frac{\rho uv}{r}=0$ (5)
$\frac{\partial(\rho v)}{\partial t}+\frac{\partial(\rho uv)}{\partial x}+\frac{\partial(p+\rho v^{2})}{\partial r}+\frac{\rho v^{2}}{r}=0$ (6)
20
$\frac{\partial e}{\partial t}+\frac{\partial[(e+p)u]}{\partial x}+\frac{\partial[(e+p)v]}{\partial r}+\frac{(e+p)v}{r}=^{\mathrm{o}}$ (7)
, $e$ , :
$e= \frac{1}{2}\rho(u^{2}+v^{2})+\frac{p}{\gamma-1}$
.
$\frac{\partial h}{\partial t}+u\frac{\partial h}{\partial x}+v\frac{\partial h}{\partial r}=0$ ( $h=0$ ) (8)
$h(x, r, t)=x- \frac{M}{\Omega}J_{0}(j_{1}r)[\cos\Omega t-1]$ (9)
( ) , .
(8)(9) , $\kappa b\neq n\pi$ $(Marrow \mathrm{O})$ (1)
. ,
, .




$\Phi=\frac{M}{b}J_{0}(j_{1}r)[-\frac{t}{\Omega}\cos\kappa X\cos\Omega t+\frac{x-b}{\kappa}\mathrm{s}\mathrm{n}\kappa x\sin\Omega t]$ (11)
. (11) (10) . (10)
, (11)
. , $t$ $O(M)$ .
, $t$ , (11) ,
:
$J_{0}(j_{1}r)\cos\kappa x\cos\Omega t$ (12)
21
4.
, (i) Mach $M$ $M=0.01$ , (ii)
– $\mathrm{m}$
$\kappa=\sqrt{\Omega^{2}-j_{1}^{2}}=\frac{\pi}{b}$ (13)
, (iii) $\Omega>\Omega_{c}=j_{1}$ . , $\Omega_{c}=j_{1}=3.8317\ldots$
, $\Omega$ ,
evanescent .
1 . , $\Omega=7.36$













$\Omega$ , , , 5
. $\Omega\sim 4.57$
, 5 . , $(\Omega t\approx 120T)$
.
$\Omega$ , )
$\Omega\sim 4.14$ ( $b=2$ $L=2R$) ,
$(\Omega t<240\pi)$ , .







(ii) $\Omega$ $(5\leq\Omega\leq 8)$ , , $R$ $L$
$(L\leq R\leq 2L)$ , .
(iii) $\Omega$ ( $\Omega_{k^{5)}}$ , .
( ) . $\Omega$ ,
.
(iv) $\Omega\sim 4.57$ , . ,
. , $\Omega t\sim 120\pi$ . ,
$\Omega t\sim 180T$ .
(v) $\Omega\sim 4.14$ $(L\sim 2R)$ , $\Omega t\sim 240_{\pi}$ ,
.
(vi) $\Omega$ , ,
.
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